were identified by the MOs. The microvascular complications, including retinopathy (77), nephropathy (63), and neuropathy (49) were stated by the physicians. However, the physicians were less aware about the macrovascular complications. As few as 23 physicians included HbA1c test as one of the diagnostic methods, 43 physicians included HbA1c to monitor the glycemic levels. More than half (55) of the physicians prescribed appropriate medications for the treatment of T2DM.
India was estimated to be around 31 million in 2000 and projected to cross 79 million by 2030. 2 In 2015, the International Diabetes Federation (IDF) estimated that approximately 36 million adults in India were undiagnosed with diabetes. The change in the dietary patterns and lifestyle due to urbanization contribute to the long-term implications of diabetes. Due to delayed diagnosis or non-diagnosis, patients experience considerable burden of diabetes and associated comorbidities and complications, such as hypertension, obesity, and micro and macrovascular complications. 3 Early diagnosis and management of diabetes can reduce the diabetes-associated complications. The primary aim of management of diabetes is to delay the micro and macrovascular complications by monitoring the blood glucose levels. 4, 5 Studies on pre-diabetic patients have shown that life style interventions involving weight loss
Introduction:
Non-communicable diseases (NCDs) are the major challenges to sustainable human development in the 21 st century. 1 Type 2 diabetes mellitus (T2DM) is one of the important NCD in developing countries, such as India, which experience major health burden. The diabetic population in can prevent the development of T2DM, therefore it is important to detect patients with pre-diabetes. 6, 7 Health education is an integral part of diabetes management, as it can be prevented and controlled by implication of appropriate interventions. Evidence-based studies indicate that the physicians who practice and educate patients regarding the interventions, such as regular exercise, weight loss, and drug therapy achieve better and durable diabetic control in the patients. Physicians with good knowledge of these attributes can prevent the development of prediabetes to diabetes. The assessment of knowledge, attitude, and practice (KAP) aids in analysing the gap between the physicians' knowledge and current evidence-based interventions and developments which are useful in the prevention, management, and control of diabetes.
Although, many KAP studies have been conducted on patients, there is a dearth of literature in analysing the understanding of physicians and primary healthcare medical officers (MOs) regarding type 2 diabetes mellitus (T2DM). To our knowledge, the present study is one of the first studies in India to evaluate the knowledge, attitude, and practices of MOs in the primary healthcare centres (PHCs) regarding T2DM. Identification and assessment of knowledge, attitude, and practice of MOs in rural PHCs will provide better insight for improving the health literacy in the PHCs.
Materials and methods:
Sampling and study design This cross-sectional study was conducted in PHCs in three districts of North Karnataka. A total of 104 primary care physicians appointed by the Health and Family Welfare Department, designated as MO working in the rural PHCs were included in the study. The MOs with an experience of d2 years of medical practice were included in the study.
Procedure
A self-completion questionnaire, designed to be completed within 10-15 minutes, was developed to analyse the KAP of the MOs regarding T2DM. After thorough review of literature, the questionnaire was developed and validated by five MOs for scope, length, and clarity.
Data collection and statistical analysis
Before commencement of the study, the ethical clearance was obtained from the MOs. After explaining the purpose of the study, written consent was obtained from the MOs and the questionnaire was provided. The completed questionnaires were manually checked and coded before data entry. The data were analysed by simple frequency counts.
Results:

Knowledge
The physicians' knowledge towards T2DM revealed that 14 participants were aware about the prevalence of T2DM in India. Obesity, physical inactivity, family history, and hypertension were identified as risk factors for T2DM by 71, 31, 43, and 15 physicians, respectively. However, only 10 physicians had knowledge of obesity, physical inactivity, and family history as combined risk factors in the development of T2DM.
Most of the physicians were aware of the symptoms of T2DM, such as polyurea (89), polydipsia (80), and polyphagia (66). However, only 59 physicians stated all the three symptoms of T2DM. Weight loss, an important symptom of T2DM, was identified by 14 physicians. The diagnostic plasma glucose levels, as stated by the American Diabetes Association (ADA), for detecting T2DM and pre-diabetes were known by only 3 and 2 physicians, respectively.
The physicians were also assessed regarding the macro and microvascular complications of T2DM. The microvascular complications, including retinopathy, nephropathy, and neuropathy were stated by 77, 63, and 49 physicians, respectively. However, the physicians were less aware about the macrovascular complications, including ischemic heart disease (51), cerebrovascular disease (11), and peripheral vascular disease (23). Only 1 physician had knowledge about all the macrovascular complications. Diabetic ketoacidosis was identified as a complication of T2DM by 9 physicians.
Therapeutic and non-therapeutic interventions involved in the treatment of T2DM were analysed. Lifestyle modifications were identified by 52 physicians as the nontherapeutic intervention. Therapeutic management of T2DM, including metformin, sulfonyl urea, and insulin were identified by 30, 31, and 52 physicians. Less than half (45) of the physicians were unaware of the therapeutic management of T2DM, of which 19 were unaware of the lifestyle modifications. The other classes of drugs, such as dipeptidyl peptidase-4 inhibitors (DPP) and glucagon-like peptide (GLP)-1 analogues were not stated by any of the physicians for the treatment of T2DM.
Attitude
The response of MOs towards the attitude questionnaire of T2DM are as shown in Table I . Most (80) of the physicians were aware of the fact that the prevalence of T2DM is more in developing countries than in the developed countries. Almost, 90 physicians believed that monitoring of glycosylated haemoglobin (HbA1c) and health education are beneficial for better glycemic control. Importance of strict glycemic control and diet and exercise were mentioned by 84 and 93 physicians, respectively. Treatment of T2DM with insulin therapy was considered easy by less than half of the physicians.
Practice
The assessment of practices of MOs towards T2DM are summarised in Table II . Most (72) of the physicians were aware of the standard diagnostic tests for detecting T2DM. Urine sugar testing was the most commonly (54) followed test, followed by random blood sugar (RBS; 54), fasting plasma glucose (FPG; 47), and post-prandial plasma glucose (PPG; 47). Although, as few as 23 physicians included HbA1c test as one of the diagnostic methods, 43 physicians monitored the glycaemic levels by HbA1c. Other tests used to monitor T2DM included urine glucose (28), FPG (22), PPG (22), and RBS (19). Dietary modifications, such as reducing the consumption of simple carbohydrates to control the glycemic levels were advised by 60 physicians.
More than half (55) of the physicians prescribed appropriate medications for the treatment of T2DM. Insulin therapy was the most commonly (38) used mode of treatment, followed by sulfonylureas (34), metformin (27), and glitazones (10) . The frequency of monitoring HbA1c levels varied from 3-6 months among 49 physicians. Few (16) of the physicians were not aware of monitoring HbA1c frequently. Annual monitoring of microalbuminuria levels was done by 3 physicians, whereas lipid profile was monitored by 16 physicians. 
Discussion:
Over the decades, substantial progress is observed in the understanding, management, diagnostic criteria, and treatment armamentarium of T2DM. Upgrading the knowledge of the physicians can effectively improve the management of T2DM in medical practice. However, previous studies in different countries have shown the lack of utilization of these developments by primary care physicians. [9] [10] [11] The present study aimed to evaluate the knowledge, attitude, and practice of MOs in rural PHCs regarding T2DM. Many of the MOs were not aware of the epidemiological and etiological burden in the management of T2DM. However, the MOs had considerable information about the diagnostic, therapeutic, and non-therapeutic interventions regarding T2DM.
Epidemiological knowledge of diabetes is important for rational planning and allocation of resources. 2 . Risk factors for development of T2DM, plasma glucose values for diagnosing T2DM, and criteria for prediabetes were recognized by few MOs. Diagnosing pre-diabetes is important as the interventions prevent or delay the occurrence of T2DM. 5, 12 Many randomized control trials have shown that T2DM can be prevented by life style modifications in individuals with prediabetes. 13, 14 Thus, lack of knowledge of prediabetes may be contributing to the rising prevalence of T2DM. The need of glycemic control is to prevent diabetes associated complications. However, only one participant had the knowledge of all the microvascular and macrovascular complications of T2DM. Knowledge of newer anti-diabetic medication is important for better management of T2DM. Very few MOs were aware of diabetes medications other than Insulin, sulfonylureas and metformin. None of the participants named incretin-based medications for diabetes. Progression of T2DM can be delayed but cannot be halted by oral medications. Thus, eventually insulin is required by many patients. Many times, insulin prescription is delayed due to anxiety of patients about injection, patient's cognitive abilities, and complexity of training patients to administer insulin, concerns of hypoglycemia, and weight gain. 15 Many doctors in previous studies felt that use of insulin therapy is challenging. 10 Response was similar in the present study also. But substantial number of MOs felt comfortable with using the insulin.
One of the requirements for managing T2DM is to affirm appropriate investigations to diagnose T2DM and monitor the glycemic control. Good number of participants used correct tests for diagnosing T2DM, however, urine glucose was the most commonly used test to diagnose T2DM, although not recommended. Its frequent use may be due to the low cost and easy availability in PHCs. Not many were confident in prescribing anti-diabetes medications. Almost half of the participants did not name any medication they prescribe for T2DM. Monitoring of HbA1c, lipid profile, and micro-albuminuria was not done according to recommendations by majority of participants. HbA1c is the important diagnostic criteria to assess the glycemic control and the effect of the treatment interventions. It appears to be due to lack of availability of these tests in the PHCs and the high cost. HbA1c assay is an important test both to diagnose T2DM and monitor the glycemic control. There is evidence that even in developed countries HbA1c is being underutilized. 10 This study highlights the deficiencies in knowledge, attitude and practices of MOs towards management of T2DM. There is scope for improvement. Continuing professional development programs are fundamental to the development and maintenance of physicians' competencies. 16 Doctor to population ratio in India is 1:1800, which is very low compared to the recommendations. 18 Each MO must look after a larger population compared to the international standards. Therefore, the time spent on acquiring knowledge and updating skills is compromised. So new strategies and training methods have to be developed which can be incorporated within the time frame of MOs' schedule.
Conclusions:
The medical officers had considerable knowledge and attitude about T2DM, however due to lack of facilities at the PHCs, the practice of MOs in the management of T2DM is poor. Education programmes to expand the understanding of the MOs regarding T2DM and initiatives to advance the facilities at PHCs are essential to reduce the health burden, prevalence, and development of T2DM in developing countries, such as India. Further studies must be performed to evaluate the KAP of patients and other population regarding T2DM and other major NCDs.
